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MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To further improve the 
conversion efficiency of a tandem type thin film 
photoelectric converter. 

SOLUTION: The tandem type thin film photo-electric 
converter includes, on a transparent insulated substrate (1), 
a transparent electrode (2), a plurality of photoelectric 12 
converting units (11, 12), and a rear surface electrode (13) 
which are sequentially deposited. An intermediate layer (3), 
which partially reflects and transmits the light, is inserted to 
at least one boundary between a plurality of photoelectric n 
converting units (11, 12). The intermediate layer (3) has the 
average thickness in the range of 10 to 80 nm and the 
upper surface thereof includes the uneven surface having 
the average uneven pitch within the range of 1 0 to 50 nm. 
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n 

««820±fflK4dW6C3fl«>¥lWtl6Sd l«? 1 0 0 n 
urC6*?fco C©jg^&2©±tc. JI3l5rt<a©p 

a#JHr^ya>*-^ KH1 I l. BSC. 25ii 
in© i UURf U a >ft*S$ys 1 12, fc£UW3 
1 5 im©n 3 >S 1 1 33&>&ft*#BE 

•S3 ftfco 

[ 0 0 5 0 ] *Mt*s l ) 3 l>ftWKfo*~ y h 1 1 CWB 
/StgK -7" 5 X? C V D fift* 6 ^a«T»^ §ffi£S* 0 IB U 
C-©»KMOCVDfirtK'C 1 5 OWaaEftft-CBS 
3 0 n mOBitffilSS^+HS 3 i l/Cfi&'SSftfco C 
<DMOCVDS«c*$l*t:«. iU^^>^ *. fcj: 

ftfc*>B a Ht^attWftaUHO F-^> ^ t l/CJBC* 
[ 0 0 5 1 ] <MH 3 CWdQftCCXCttMOC V DM^ 

e©tnsra» a 5 ftfco * ©* 5 x-? c v d ffl*rei*, 

3 jti m© » SLJSMt*' 'J ^ 12 2. &J:t>' 
1*3 1 5 nm<Dti&mk&>*) =3>B 1 2 3*>*>ft£$S 
Bli^y ^ * h 1 2MftSSftfc. *© 

gffl«Sl3±l/r. A! K-?*3ftfc)s3 9 On 
in©Kffcfiffi«i)?$ 3 0 0 n m©A gg^^ ? 

1 0 0 5 2 ] B 2 IrtjBKffll 1 T?©fi£3 ftfc *BB 3 © 

flB*«»S& (AFM) B3l*-e©AFM« 

^nftiSfflefliSKtt** i/c i c ©b 3 cd 

J^Kfct^C. (Mi©lggi*G. lum 

M F i#fec ii. suno-r S >X r A ( Pad f ic Nanote 
chnolcwtUi) <ds>*>*9 h*- h~3Wai»6ftfc. 
[ 0 0 5 3 ] BSiWftffilBiaSM**^. ftaBAft 1 
^S4fifi8©S<C J#I&r -5 A BK86© rtW*f * 2o© 

eaawciHEtt: WKUtt *nfe ^ * *ic«s > t*2 

8- Snrnf**. C©<fcSft*Safcr**©fili!!i <» 

n* H?ffl^fe2©^siafii<:*«Ti3 00- 

4 0 0 n m©*£ftb*y ^©IHfi (*z<^BDflfl« 
«) fegfil/XC>*« C©f&I*ffl!30^K*m*iS 

[ 0 0 5 4 ] B4©SffllHlO©ttl*. 1 
3 £ RflW>M 0 C V D Aft-C* £ ft #7 Ag_hK $ 
*lfcBIUMMIOAFM«HBt**«l/t:^*. ftfc, 

B4©y^ , 7(ctei»r, fflM©issao. 
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12 

KfflBlCfcl^C. -21. 5iJin©iE#S©AFM*te 
WUSftt't*, JsrlWiSfiS R a «rfflpi % C¥^(./fc¥^B 
ffi£Sa**l. lninl?*^. C©C4rt>&. +BJS 
3©B^Bfflfli^ccte«*WWl»i*»2- 2n 
mtWCt^^ 4*?, H 4 ©*BG!ldb»tt* 
t\ ABftft 1 •?©* $ tt Cj*©8«c tfiS^ & C D®g| 
tt ( P8#f 4 2 ■9©dBB , C* ^ xfiKffiicl IS $ n 
fe^^^cct^) 1*23. 4nmttt&« 
10 [ 0 0 5 5 ] B 3 &B 4 ©JtW^fe. 1 

3 ©^iSBflia^ttiS: WT© J: ^ $ ft 4 * 3" 

fcW«*3 0 0 -4 0 0 n ffl b* *©Dfl£i) <D±^ccjfe 
^JftJL^? h 1 I«:/M/^*fe1Ji3^.SSft4© 

L/C 3 <C Eto -7 r^c* ft e ? ^ ©caG < 

caOSJtt) aWUaSft, 86«C*BB3©«*BJ*Kia 
BU*Cil/4 'J ^ ft b* 7 ^ ©EhS { »-*ffllflCi»tt ) 

20 [ 0 0 5 6 ] W±© J: UTJi fcft*:*te# 1 ©^ W 
r tf ? KBWBftteaUtB 1 c m' ) tcte 

0 fliW/ c in 2 o>j£mxm&iL<X 2 5 # Ct:'tt*<Stt*»] 
^U^iC6. BftaSE <Voc> *1. 3 6V, H 
»mSt&A (jsc)^l 1. 9 mA/c m\ tt»S 
^<F. F. >#74. 0%, -C-l/C95tta* <E f 
f . > ifil 2. OX-CAofco 
[ 0 0 5 7 ] <*&0S2 > £ft«2fcteC*'Ctt. Wis 
3 1 Lxm$ 3 0 n m4>KftittMR#*'< *tt«cr 1 
30 5 0 •CfiE>»«B* t»rt 3 ^Ci^^tr, «iWM 1 

[ 0 0 5 8 ] B5li**»pi2©*BB3 tHB©AM 

3?^t?¥6ft*^^R±K:««3ftfcBfiaiaB© 

±ffi£fc A F { 1 . 5 ii in x 9 . 0 u m©*« 

aitt> ftfti/. S6 i^a 5 ^©asaKiS-? fc a f m&£ 

A^f*&ftfc*iBO!lfii«tt^*l/i:v^. C©B6©^ 

tt©lB«tt&nm«:kfol/r^& B6©aaSDfl£i^ 
40 tt*^, ftaWft l^©'h3ftfigS©'S^fST4EF 

(«»T42^©BBBr#*^«K:Wf«:iH* 

3ftfce?^«:na> tt3 5. 2noiT^4 0 *&, C 
Afi±©Kf kBIflB©- S 1 . 5 ii m©E#£M 
Wc oc * t: A M F 81* Utc£C*> % Z ©»JWBB 3 S a 

©^/< ? * y > y*c J: 4K<bffi»B©ftai**i*. s 
0 - 6 n m/ sec "C^ *>tc* 
1 0 0 5 9 ] #XfeM2'Cff y 9 KSBa 

MMKttB <«feffl» 1 cm 1 ) tCAM 1 . 5©jfc£ 
so 1 0 0 mV/ c m 1 ©*fi-CW.« 0 r 2 5 *C-cHl*4f 14 
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Z®l£L,tctC6< Voc#l- 34V, Joc#l 
1. 8mA/cmV F- F. #73. h%. <-UX& 

[0060] <«t&«3> **fE«3<C*JC*rti. 

hfccitfc^, ^fe^i i tBWc^^y 9 mm 

[ o o e i ] **ft«3 -c»fenfe^ >j 2 >XMR£a 
j£fcg|g (S^as i c *»' > kam i . 1 0 

£6. Voc^l. 36V. J$c*12. 2mA/ c 
m\ F. F. #7 3. 6%, 2. 

[ o 0 6 2] ( tb«« i > tt«« i ia^>x\t. 

[ 0 0 6 3] $tbi2$ i £4<5t'T*§6tifc W 'J ? K 
aSS5*^S3ft^g {^TtSfR 1 c m 1 > K AM 1 . 5 
(WES 1 0 0 rnW/c m a <^S*CBBHi/cayjfttt«: 
SI£U&£C*. Vo c*i 1 . 3 5 V. Jec^ll. 
3mA/cin\ F. F. #73. 1%, €l/C*ttffl 
1- 2%T'&^fc, 

[ o 0 6 4] < v&m 2 > mm 2 k &i » t: it. 4>ra @ 
fc. 



10 



20 



HH2003-347572 
[ 0 0 6 5 3 fcte, *ttttW2 am? frfttH 

SI. 5iim©E**««®AFMfflSKJ:n«. 0- 

1 0ftQiJ:H^9fe) . ftto, 19 ox; 

2nm/s e ct?*->fc 0 

[ 0 0 6 6] #fck«fl2 'Cff&ftfci'' « 3 

<§tMS 1 c di 1 ) K AM ! . 5 ©*ft 1 0 
0 mW/c tfWft&X'WMuxWl^Z&fei'tct 
Voc#l. 3 2V. J sc#l 1. 7mA/c 
m\ F. F. #7 1. 8«, {UT&Ka***! 1. 

[ 0 0 6 7] * 1 li±$fc£*te0* 1 - 3 fc J: tk«ffl 1 

afifcfttrSO. »2 J«-n6<D*^*«BK:4d«&{a 

1 2©^nen©tB*«»«tf*>, ttewi&ssii/t: 

[ 0 0 6 8] 





mm 




Cna) 




poly- 
m 






*a 


HOCVD 
150^ 


30 




15 








150^ 


SO 




IS 




M5U3 


^» 


HOCVO 
1WC 


SO 




15 


2799 




_»_ ^ 


TOD 


50 




12 






its 


MOCVD 


50 




12 






£2 




50 


loaia 


12 


mo 




xz 


150^ 


CO 




12 




fc£0|1 


** 




m *S 




15 


2300 








29 


\ 


15 


2300 






! w 


50 





12 


2600 



[ 0 0 6 9] 



2] 
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15 



32003-347572 

16 





Voa 

Vi) 


Jsc 


F.F. 


eff. 

w 




r 


* - y r 


■ — y r 






1.36 


11.0 


74.0 


12.0 


1.56 


te4 


1.05 




1.34 


lit 


73.5 


11.$ 


1.06 


1.9!) 


1.02 




1.36 


12-2 


73.6 


12.2 


1. 09 


1.0ft 


1.07 




1.35 


12.5 


73. C 


12.3 








mm® 


1.35 


12.6 


73.9 


12.6 








mm 


1 55 


126 


73.5 


12.5 




\ 




mmim 


1.35 


12 7 


73.2 


12. a 








itmm 


)35 


11.3 


73,1 


11.2 


1.00 


1.00 


1,«d 


mm 


' 132 


11.7 


7LB 


11.1 


1.05 


0.97 


i 1.0D 


mm 


i 1.34 


12.2 


70.5 


11.6 




\ 





[ 0 0 7 0 ] eft 2<W5*#6#a>* <fc 5 Siiipil ! - 

3<0K^rtiu:i$^xh % tt$50*i & 2 tetter, jstts 

MM (Jsc) (Eff. ) #<t£KifilJb 

[007 1 ] tk!5«2cc4(S^ri^ *BS3G>S3l,tr 

tc*o< tfcispy i (ctt^ci£t*v o c^cto' 

1 0 0 7 2] 1 - 3 Kfc^ti*. tfcl3fl2 ±H 0 

ttJigtfKM 3 #»ASftfc(c *>^*^r , mafttt 
±bxi>&<> 4*fctt*2«2«ctt^r*ttfi( i -3C-V o 

ciF. F. *Sfll±l/&©«, *HS3««^T»Js 
tc. f^M*\^3iC^X\t. *BB3i#K*StG> 

s 6 a: , mmi i - 3 «cfctf & #es!b 3 a>©s©«fflia 

2 ®>i*mbmi 1 2 1 k £ •? r*£fca*>ft4«>T\ 

[ o 073] mm ! ± acDi-rn^fe^i: t>+p^s 3 
&#Kutc®tm&&%to£$K ^c^mm \ tern* 
faa^*aacj»tt«:WT^*rajs 3 £ j: ftAKa.* j: 

#1 £2r*l*j s c#5E£ttf£-fr*~ ^ tCCj^-CK* 



[0074] (PM^ypMmia^xh. 

1 K SUK o X . U KSMK^^QfeniAVm 

S3^*H*n. MO CVDStc^i+BS 3(^3^5 
20 0 si m tc $ n. SlfV L> ^ >jfe@^fe^ i?H2# 
1 2nm®»3tKttA^U ^>gi 2 1 (^1*<?> 
po 1 y-pBBg (nm) > , SiimOi3t 
^S)g>>»J 12 2 (^1 4J(^p o 1 y - 

iB!S}f (nm) > , fccfcCOTS i 5amOnSNMa 

! F-^SnfcWS 9 0 m mOBfksfiJai^ 2 4 0 
n ft^OC-A ff«*i^f ? *S-C«:XKlgB$nt:v^C i 

[ 0 0 7 51 C ©*tfs«4 tWfenfc-'W ^ U 5> K»» 
30 e««£8^B <**ffl« lcm 1 ) (CAM 1 - 5fl>* 
* 1 0 0 mW/ c m* C5*fir-B5« o r 2 5 •C'CtBA** 
tt*«tOfetC*. Voc^l. 3 5V, Jsc^l 
2. 5mA/cmV F. F. #7 3. OH. *UX& 
2. Z%X'<b->tc> 

[ o 0 7 6] < mm 3 ) 3 tc 4ac > r \t. <mm 

3*s i 9 O'CcitffiiUfccajf? *tt«cr«rtstifcc 

[ 0 0 7 7 ] C ©ttia«3 •CSfen*:-' W * 'J ? K«S 
40 JR£«!£&£EB 1 c in 4 > (CAM 1 - 5<D£ 

£ 1 0 0 m W/ c m 1 <0*fitHS« 0 r 2 6 "Cr-gj^ 
ti^ifJ^l/fciC^, Voc^i. 3 4V, Jsc^l 
2. 2m A/cm 4 . F. F. #7 0. h%. *l/TT* 

[0078] *tt«4^^^U ^ KSSSAjM^feS 
g^. ttl$«3Wt^r«^»tfi*«14«:WOt:c^ (^ 
l<LS2#®) e C^ftii-?- ( F. F. > OttSl*. 

so ilf^i^e^o J:0ft#«(c«. MMSm 
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[0 07 9] (**«5)*ft«5K«l:^W7 ,| b K 

< |g fc * * x i & 1 +® 4)MX»B)W 

ft > «3Ja 3 coi|$ja«>fc»«)JSIIttK *A 1/ fc c <L (c to 

to o 8 o ] cvimrnxm^titvuvv <•? mm 

££«&ft£8 <$jm& 1 c m 4 ) (CAM 1 - 5<D* 
ft 1 0 0 mV c in 4 o»feSl?B« 1/ f 2 5 •CCffl^W 
tt*a*l/&<LC£, Vocifil. 3 5V, J$c#l 20 
2. 6mA/Ci» 4 . F- F. #7 3. Q%. 
2. e%V*>otc. 

s©^««#*ft« 4 4a ct utasn 3 <t ffua 0 *c m * 

»fcS«&7C&+fcB*»i tt*C 4 ft < «3JS 3 
*»UT?r^fc:C±ccaHt/cv£ <*1 4^2^ 

n attttJB^ 'J a >■ 1 1 30>±H£*BJi 3 30 
[ 0 0 8 2] <-mm > «te«6 K W 7 9 v Y 

t*f«*(c»o fflor i o aB*StSUfc»tc <* i 

(HMSJftMft*) ttUt'll ^ >**4K»ai 9 r 1 
2 £ KsW Z>tcW>7 7X7CV D ^Brt (C *©ss# 
«ASftfeC£©*(Cto<r^ JBWJSiPft^-C^ 

[0083] C^«6t1IWcA^'J9 Kl[|| 
££8&ft£5 <S#ffiS lcinM (CAM 1 - 5 O* 40 
* 1 0 0 aV/ c in 4 cWfcft t1B« O r 2 5 WHlMt 
KfcfcHtUfciC*, Voc^l. 3 5V, Jsc^l 
2. 6mA/cm'. F. F. #73. 5K. *UX& 
2. 5*T*->fc. 

[0084] (CM»r»*IB!»3 *t*8isn 

raa 3^.«a«:a^iwcasa^ u ^ ^jm***- 

h <*l ±*2M8> o +WE3Src«?83 50 
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n/fc^*^+(c^ftO<cffiiattBi/t:^, »*>n* 

■*El'(Ctti«:a««S3*l»*C4*»*T4. ^ 

vb*>, *n«twD^^x-7CVDtiB(cj:*-eti'en 
r<r»*c*>, *h*n<E>^x^cvDlBi***W(c4t 

lire # , 5 fe^] * (c >' > ^-t > a u# 4 4 1 ^ 
04. 

[0 08 5] <£te«7> JB«W7«:tei*t:tt. MOC 
v D m k J: ^^r^il 3 ©ttSH#(c totr »*C V* y^ifArt 

[ 0 0 8 6 ] C 7 ^n^c^ W ^ »J ^ 

liTt^Sm-^ <«*fflfll 1 cm 4 ) (CAM 1 - 5 
& 1 0 0 m V/ c in 4 cwfcfil?PS« 1/ X 2 5 *C t?ffi A« 
ViZimutctCZ, Voc^i. 3 5V, Jsc^l 
2. 7mA/cm 4 . F. F. ^7 3. 2%. *UX* 
i^S^l 2. 6%t?$)o^o 

[ o 0 8 7] ^7^^^ r y v tmmmjtm&Mm 

R) . ^«7^tt^#*>#XiBai(Cj:*K-e>y 
it & C t U < ^felS 3 «: O tc<OX\ ZV>$mm 3 

< ft 0 > #BJOii«>#<fc 0 ^.m^i<:ft -7 fee 4(Cjg 

[0 08 8 3 *fc, **Wl4 4tfc«0'C*ft«7fctot' 
ri*F. F. #ft±l/r^*C4*6 (*2«SS> , * 
^tmi (Ctort 4S*(c4"Wa^fSc» < 5 0 n m > 

(CK-e>yti/fec*ct«:j: &4QRcDttttitt3 a 

[008 9] 

[ftWO^J tLh^Jcift:, *ft9KCJ:na. »ft© 
«f|*$U~ ^ HB©*a < 4 ^> I ©^M(Cij|lE^® 

«T4C4^C*4 0 *te. *«HKJ:n«, 
«Slt , c*BIBt«JiW*C <b(CJ: ^^CT^4 U'C^jfe 

[BiSK>V«JQclW)] 

[Hi] l*^<pSi§^sJG>-$£ 1/ r <o * > f^Afl 

[ B 2 ] *^ W to » 3 O^ffilHIQ^S^-HM 

*«TIR* B AflfUt ( A f M > flkB*C* ^>c 
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tcteii h a m f mwc <fc « ? 5 7 

mic m assessor y ? ? *. 

[05] gttffll 2 (C *sc* & A ' < ? * ij > y ft £ [sj o & 

O-W&inT A F MflU3'C*&. 
[ B 6 ] £fcSFt 2 tc feci * X M * # l» >9&tm Oik 



(11) 4SH2003-3 47 572 

20 

* <3>— P3tc fctt * A F MSJSK J: & f5f£M&^ y * 7 "C 

k ii i-otsus, i i 2 m*^<^> 

jKS^M. 1 1 3 j£««SUl, 3 #HJ5. 1 2 
^Z«yfe«SSft^- ? K 12 1 1 2 2 

Rtt*»»«)ft«^a«. 123 13 



[01] 



[192] 





mz] 




sa5] 



[134] 




[B6] 




O CI CA « W 
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ft«a#^rpBEHfi^S 1 Tg £ W1406 



F 



> 4K03G AA07 Mil AA2G R411 BA3G 
RA4? BA45 RA47 CAC6 CM2 
FA02 FA1G LA04 LA16 
5FG51 AA03 AA04 AA05 RAJL4 CA02 
CA03 CA04 CM 5 CS11 
CB1? CB15 C827 CB3G DW 
CA1S C&2G FA03 FA06 GA03 
GA14 HA07 K*09 
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